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A Study on the Effect of Non-martensitic Layer on
the Fatigue Strength in Carburized Gears
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Abstract

This study deals with the effect of non-martensitic layer on the fatigue strength in carburized
gears. The test gears are carburized, then treated by the combination of chemical polishing and
electro-polishing. Carburization treatment is used widely on parts of power transmission system
like surface hardened layer to improve fatigue strength.

Carburized gears are observed using a scanning electron microscope(SEM) to determine the
characteristics of crack initiation mechanism in the surface layer.

The constant stress amplitude fatigue test is performed by using an electro-hydraulic servo-
controlled pulsating tester. The S-N curves are obtained and illustrated. The effect of non-
martensitic layer on the fatigue strength is clarified.
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Table 3 Surface treatments of test gears

T njAlE ERol A F] IS ATy A% Code of Surface- Note
o SCM4154 2.2 7123 7lojd] AaAel 8 4 gears | treatment
Ale & e x)xte] FHo|A2L 38t} C Carburized C : Carburized
- csp c+sp | der=0.85mm
9 A& dupy ez 10 um, 20 ym, 30 ym Ar} CP : Chemical polishing
sof, APz FRAAE, FE27, o Rel9 CCPL | C#CP1 | EP: Eletro-polishing
_ . = - P2 No : Removed thickness
o) F2AF3Y 59 /) AH YL 23 ce CHCP2 | Y oy
S9th. 28n ERel3E WelN Y 27]2d coPs | CrOP | 2:20mum
WA Ee 54 nden, deage dnes L CEE2 | CHER | 31 30mum
o 2PEE TH F EAO| P N 2PE| 850°C
Table 1 Dimensions of test gears Rough machining — —
of gear blank AC
Module m [mm] 5 T
Number of teeth z 18 Normallizing
Pressure angle [deg] 20
Finizh 1 Finishing of Copper > Hobbi —_—
Inis Hobbe gear blank plating obbing
Gear grade JIS 5
Profile modification coefficient 0 930°C
Face width [mm] 8.0+0.01 830°C
Tip diameter [mm] 100.0+0.01 170°C
Span gauge(3 teeth) [mm]| 38.16=0.01 4H ) [15mm) N T AQ.
Material SCM415 130°C
Heat-treatment Carburized Carburizing Tempering
Diffusing
Surface-treatment see Table 3 . . .
Fig. 1 Machining and carburizing process
Table 2 Chemical compositions of SCM415 [wt. %]
SCM415 C Si Mn P S Cr Mo
Range 0.13~0.18 0.15~0.35 0.60~0.85 <0.030 <0.030 0.090~1.20 | 0.15~0.30
Measured 0.165 0.265 0.731 0.0147 0.0172 1.07 0.151
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Fig. 2 Hardness distributions along the depth
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Fig. 3 Decrease of hardness due to decarburiza-
tion
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Table 4 Surface conditions
Code oﬂ Hs | Hpas LHG 1y o R,

gears | (Hv) | (Hv) { Hv} | (MPa) | % Hm
C_| 540 | 0 | 3%
CCP1 | 695 | 760 | 318 | —499
OCP2 | 698 | 756 | 320 | —496 }ng 11
;CE? 702 | 759 | 319 | —527 | 17 | 10,
CEP2 | 705 | 760 | 522 | —463 | 19 | 124
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Fig. 4 Comparison of surface roughness on test
gears
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Fig. 8 A model of crack initiation mechanism
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Fig. 9 System of bending fatigue tester
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Table 5 Fatigue strength

Code of
gears

C CCP1 | CCP2 | CCP3 | CEP2

c,(MPa) | 761 985 1009 1031 993
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